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Outline	
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Outline	
  
•  Comprehensive	
  physics	
  

program	
  undertaken	
  by	
  CMS	
  
–  hHps://twiki.cern.ch/twiki/

bin/view/CMSPublic/
PhysicsResults	
  	
  

•  I	
  will	
  show	
  only	
  a	
  (v.	
  small)	
  
subset	
  of	
  recent	
  CMS	
  8	
  TeV	
  
results	
  
–  Summary	
  of	
  Higgs	
  results*	
  
–  Beyond	
  the	
  SM	
  searches**	
  

•  tb	
  resonances	
  
•  stops	
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*:	
  “Latest	
  Results	
  on	
  the	
  Higgs	
  Boson”	
  Wine	
  &	
  Cheese	
  Seminar	
  by	
  Chris	
  Neu	
  [September	
  12]	
  	
  
**:	
  Complementary	
  to	
  nice	
  talks	
  given	
  by	
  Nhan	
  Tran	
  [April	
  25]	
  &	
  Sal	
  Rappoccio	
  [June	
  6]	
  



Stairway	
  to	
  heaven…	
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CMS	
  has	
  measured	
  most	
  of	
  the	
  SM	
  processes	
  with	
  amazing	
  precision!	
  
	
  
	
  

“Yesterday’s	
  discovery	
  is	
  today’s	
  calibra2on,	
  and	
  tomorrow’s	
  background.”	
  	
  
–	
  V.	
  L.	
  Telegdi	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  [hBp://cern.ch/go/lf9C]	
  



Higgs	
  Boson	
  Producbon	
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•  Dominant	
  producbon	
  mode:	
  gluon-­‐gluon	
  fusion	
  followed	
  
by	
  vector	
  boson	
  fusion	
  (VBF)	
  

•  All	
  producbon	
  modes	
  exploited	
  (gg,	
  VBF,	
  VH,	
  HH)	
  
–  LaHer	
  3	
  have	
  smaller	
  σ	
  but	
  beHer	
  S/B	
  in	
  many	
  cases	
  	
  



Higgs	
  Boson	
  Decay	
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5	
  important	
  decay	
  modes:	
  
•  High	
  mass:	
  	
  	
  WW,	
  ZZ	
  
•  Low	
  mass:	
  	
  bb,	
  ττ,	
  WW,	
  ZZ,	
  γγ	
  
•  Very	
  good	
  mass	
  resolubon	
  (1%):	
  	
  	
  

Hàγγ	
  	
  and	
  	
  HàZZà4l	
  
•  ZZ(4l)	
  has	
  low	
  background	
  



Oversimplified	
  big	
  picture	
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Sbll	
  much	
  to	
  explore	
  on	
  the	
  rarer	
  ends.	
  
(to	
  the	
  right	
  and	
  to	
  the	
  boBom)	
  (and	
  outside	
  this	
  picture)	
  

A.	
  David	
  (ICHEP	
  2014)	
  



Grand	
  Summary	
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Channel	
  

Mass	
  
Resolubon	
  

	
  
16%	
  

	
  
1-­‐2%	
  

	
  
10%	
  

	
  
10-­‐20%	
  

	
  
1-­‐2%	
  

Expected	
  
Significance	
  

	
  
5.8	
  

	
  
6.7	
  
	
  

	
  
2.1	
  

	
  
3.7	
  

	
  
5.2	
  

Comments	
   High	
  Yield	
   	
  	
  	
  	
  	
  	
  	
  	
  Low	
  Bkg	
   3.2	
  σ (obs)	


1st	
  
evidence	
  of	
  
fermion	
  
coupling	
  

H ! WWH ! ZZ ! 4l VH,H ! bb H ! ⌧⌧ H ! ��

�

hHps://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG	
  



Final	
  Run	
  I	
  Hà	
  γγ	
  analysis	
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Significance:	
  5.7σ	
  obs.	
  (5.2σ	
  exp.)	
  

•  Final	
  calibrabon	
  of	
  the	
  ECAL	
  for	
  Run	
  1	
  data.	
  
•  Improved	
  simulabon/understanding	
  of:	
  

•  ECAL	
  noise	
  evolubon	
  with	
  bme.	
  
•  Effect	
  of	
  out-­‐of-­‐bme	
  collisions.	
  
•  material	
  in	
  front	
  of	
  ECAL.	
  

•  Improved	
  descripbon	
  of	
  energy	
  scale	
  
uncertainbes.	
  

•  25	
  event	
  categories	
  (all	
  producbon	
  modes)…	
  

EPJC:	
  arXiv:1407.0558	
  	
  	
  



Combined	
  Mass	
  Measurements	
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Combining	
  the	
  high	
  resolubon	
  channels	
  



Combinabon	
  of	
  Final	
  Results	
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CMS-­‐PAS-­‐HIG-­‐14-­‐009	
  



Signal	
  Strength	
  

Grouped	
  by	
  dominant	
  decay	
   Grouped	
  by	
  producbon	
  tag	
  

Same-­‐sign	
  	
  
dimuons	
  



Coupling	
  deviabons	
  

•  Scaling	
  the	
  couplings	
  to	
  
fermions	
  (κf)	
  and	
  
vector	
  bosons	
  (κV).	
  

	
  
•  All	
  decay	
  channels	
  

converging	
  around	
  SM	
  
	
  	
  	
  	
  	
  expectabon.	
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Searches	
  (BSM)	
  



Searches	
  for	
  W’	
  bosons	
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•  With	
  the	
  discovery	
  of	
  the	
  Higgs	
  boson,	
  the	
  problem	
  of	
  the	
  stability	
  of	
  Mh	
  
against	
  radiabve	
  correcbons	
  has	
  become	
  urgent.	
  
–  For	
  mh	
  =	
  126	
  GeV,	
  requires	
  cancellabon	
  to	
  1	
  part	
  in	
  1034!	
  

	
  
•  New	
  heavy	
  gauge	
  bosons	
  (e.g.	
  Z’/W’)	
  predicted	
  by	
  many	
  new	
  physics	
  

theories	
  with	
  enlarged	
  symmetry:	
  
–  Sequenbal	
  Standard	
  Model,	
  LiHle	
  Higgs,	
  Extra	
  Dimensions,	
  Minimal	
  
Higgsless	
  Models,	
  Technicolor,	
  etc.	
  

•  New	
  physics	
  models	
  introduce	
  new	
  parbcles	
  which	
  cancel	
  the	
  
divergences	
  of	
  the	
  top,	
  gauge,	
  and	
  self-­‐coupling	
  loops	
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Shown	
  publicly	
  for	
  the	
  first	
  bme	
  today!	
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Mass scales [GeV]
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV

ICHEP 2014

lspm⋅+(1-x)motherm⋅ = xintermediatem
For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit



Searches	
  for	
  W’	
  bosons	
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•  New	
  heavy	
  gauge	
  bosons	
  (e.g.	
  W’)	
  
predicted	
  by	
  many	
  new	
  physics	
  
theories	
  
–  Sequenbal	
  Standard	
  Model,	
  
LiHle	
  Higgs,	
  Extra	
  Dimensions,	
  
Minimal	
  Higgsless	
  Models,	
  
Technicolor,	
  etc.	
  

•  W’	
  signatures	
  
–  Leptonic:	
  e	
  + ν, µ + ν, τ + ν	



–  Bosonic:	
  WZ,	
  Wγ	



–  Hadronic:	
  qq’,	
  tb	
  	
  

 [GeV]W'M
500 1000 1500 2000 2500 3000 3500 4000

 B
 [f

b]
× 

σ

1

10

210

310

410

Observed 95% CL limit
ν e→Observed 95% CL limit W' 
νµ →Observed 95% CL limit W' 

Expected 95% CL limit
 σ 1 ±Expected 95% CL limit 
σ 2 ±Expected 95% CL limit 

SSM W' NNLO
PDF uncertainty

 = 10 TeV NNLOµ with KKW
 = 0.05 TeV NNLOµ with KKW

 = 8 TeVs,  2012,   -1CMS preliminary,  20 fb

miss
T

 + Eµ,  miss
Te + E

CMS-­‐PAS-­‐EXO-­‐12-­‐060	
  



Searches	
  for	
  W’	
  bosons	
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•  New	
  heavy	
  gauge	
  bosons	
  (e.g.	
  W’)	
  
predicted	
  by	
  many	
  new	
  physics	
  
theories	
  
–  Sequenbal	
  Standard	
  Model,	
  
LiHle	
  Higgs,	
  Extra	
  Dimensions,	
  
Minimal	
  Higgsless	
  Models,	
  
Technicolor,	
  etc.	
  

•  W’	
  signatures	
  
–  Leptonic:	
  e	
  + ν, µ + ν, τ + ν	



–  Bosonic:	
  WZ,	
  Wγ	



–  Hadronic:	
  qq’,	
  tb	
  	
  

CMS-­‐PAS-­‐EXO-­‐12-­‐025	
  



W’à	
  tb	
  
•  The	
  single	
  top	
  quark	
  decay	
  channel	
  is	
  a	
  promising	
  searching	
  ground	
  for	
  a	
  

W'	
  that	
  interacts	
  hadronically	
  	
  
–  Relabvely	
  small	
  QCD	
  mulbjet	
  backgrounds,	
  compared	
  to	
  the	
  decay	
  to	
  

light	
  quarks	
  
–  Couplings	
  to	
  third	
  generabon	
  fermions	
  may	
  be	
  enhanced	
  in	
  some	
  

models	
  	
  
•  Muller,	
  Nandi:	
  Phys.	
  LeH.	
  B	
  392	
  383	
  (1996)	
  345,	
  	
  
•  Malkawi,	
  Tait,	
  Yuan:	
  Phys.	
  LeH.	
  B	
  385	
  (1996)	
  304	
  

–  No	
  assumpbons	
  regarding	
  the	
  mass	
  of	
  the	
  right-­‐handed	
  neutrino	
  
•  Three	
  different	
  producbon	
  channels	
  possible:	
  

–  Only	
  s-­‐channel	
  is	
  interesbng	
  (resonance)	
  
–  W'	
  contribubon	
  to	
  the	
  other	
  channels	
  is	
  too	
  small	
  

•  The	
  effecbve	
  Lagrangian	
  of	
  W'	
  interacbons	
  to	
  quarks	
  can	
  be	
  wriHen	
  in	
  a	
  
model	
  independent	
  form	
  as:	
  



W-­‐W’	
  Interference	
  

•  Interference	
  effects	
  significantly	
  
change	
  the	
  shape	
  of	
  the	
  M(tb)	
  
distribubon	
  	
  

•  The	
  full	
  effect	
  of	
  interference	
  can	
  be	
  
taken	
  into	
  account	
  by	
  simulabng	
  three	
  
different	
  signal	
  samples	
  with	
  lex-­‐
handed,	
  right-­‐handed,	
  or	
  lex-­‐	
  and	
  
right-­‐handed	
  fermionic	
  couplings	
  	
  

Both	
  lex-­‐	
  and	
  right-­‐handed	
  couplings	
  are	
  allowed,	
  and	
  if	
  the	
  lex-­‐	
  
handed	
  coupling	
  is	
  non-­‐zero,	
  the	
  W'	
  will	
  interfere	
  with	
  the	
  SM	
  W	
  	
  



Event	
  Selecbon	
  (lepton	
  +	
  jets)	
  
JHEP	
  05	
  (2014)	
  108	
  



W’	
  Invariant	
  Mass	
  

Addibonal	
  cuts	
  for	
  increasing	
  sensibvity	
  
•  130	
  <	
  m(top)	
  <	
  210	
  GeV	
  	
  
•  pt(top)	
  >	
  85	
  GeV	
  	
  
•  pt(j1,j2)	
  >	
  140	
  GeV	
  	
  

Top	
  pair	
  +	
  single	
  top:	
  	
  Normalized	
  to	
  
(~)NNLO	
  cross	
  secbon,	
  shape	
  from	
  MC	
  
and	
  checked	
  in	
  control	
  region	
  
	
  
W+jets:	
  Shape	
  from	
  MC	
  and	
  checked	
  in	
  
a	
  control	
  region,	
  normalizabon	
  derived	
  
from	
  the	
  data	
  	
  
	
  	
  



Exclusion	
  Limit	
  

Limit	
  @	
  95%:	
  
m(W’R)	
  >	
  2.03	
  TeV	
  
	
  

JHEP	
  05	
  (2014)	
  108	
  



Generalized	
  Couplings	
  
•  For	
  any	
  set	
  of	
  the	
  three	
  parameters	
  aL,	
  aR,	
  and	
  MW’	
  	
  
•  The	
  W'	
  invariant	
  mass	
  distribubon	
  is	
  determined	
  by	
  adding	
  the	
  distribubons	
  from	
  

the	
  four	
  samples	
  generated	
  with	
  (aL,	
  aR)	
  =	
  (0,	
  0),	
  (1,	
  0),	
  (0,	
  1),	
  and	
  (1,	
  1)	
  in	
  the	
  
proporbons	
  given	
  by:	
  

JHEP	
  05	
  (2014)	
  108	
  



Fully	
  Hadronic	
  Final	
  State	
  
•  Focus	
  on	
  high	
  mass	
  W’	
  (>	
  1.3	
  TeV)	
  
•  Top	
  daughter	
  jets	
  are	
  highly	
  boosted	
  

–  Merged	
  into	
  a	
  single	
  jet	
  
•  B	
  candidate	
  jet	
  in	
  opposite	
  hemisphere	
  
•  Interested	
  in	
  high	
  pT	
  objects	
  

–  pT	
  >	
  450	
  GeV	
  for	
  top	
  candidate	
  
–  pT	
  >	
  370	
  GeV	
  for	
  b	
  candidate	
  

•  Analysis	
  Strategy:	
  
–  Boosted	
  top	
  jet	
  idenbficabon	
  
–  b-­‐tagging	
  
–  Background	
  esbmabon	
  

27	
  

Merged	
  Top	
  Jet	
  

Event	
  Topology	
  
CMS-­‐PAS-­‐B2G-­‐12-­‐009	
  



CMS	
  Top	
  tagging	
  algorithm	
  
•  Cambridge-­‐Aachen	
  jet	
  

clustering	
  algorithm	
  with	
  R	
  
=	
  0.8	
  

•  Try	
  to	
  decompose	
  merged	
  
jets	
  into	
  two	
  and	
  then	
  
three	
  or	
  four	
  primordial	
  
“subjets”	
  

•  The	
  top	
  jet	
  should	
  contain	
  
three	
  subjets	
  
–  Two	
  subjets	
  from	
  the	
  
W	
  decay	
  

–  One	
  from	
  the	
  b-­‐quark	
  
hadronizabon	
  

•  Use	
  Nsubjets	
  >=3	
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CMS	
  Top-­‐Tagging	
  Algorithm	
  

•  Calculate	
  the	
  pairwise	
  mass	
  of	
  subjets	
  

•  Put	
  a	
  subjet	
  pair	
  within	
  the	
  range	
  of	
  W	
  boson	
  mass	
  
–  Cut	
  on	
  minimum	
  mij	
  >	
  50	
  GeV	
  

•  Put	
  jet	
  within	
  top	
  mass	
  range	
  
–  140	
  GeV	
  <	
  M	
  <	
  250	
  GeV	
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N-­‐subje}ness	
  
•  Variables	
  τN	
  describe	
  how	
  consistent	
  the	
  

jet	
  energy	
  is	
  with	
  having	
  N	
  subjets	
  

–  J.	
  Thaler,	
  K.	
  Van	
  Tilburg,	
  arXiv:1011.2268	
  

•  As	
  τN	
  à0,	
  jet	
  is	
  more	
  consistent	
  with	
  
having	
  N	
  subjets	
  
–  e.g.	
  as	
  τ3	
  à	
  0,	
  more	
  like	
  a	
  top	
  jet	
  
–  e.g.	
  as	
  τ2	
  à	
  0,	
  more	
  like	
  a	
  W	
  jet	
  
–  e.g.	
  as	
  τ1	
  à	
  0,	
  more	
  like	
  a	
  quark	
  jet	
  
	
  

•  Rabos	
  are	
  typically	
  used	
  –	
  eg.	
  	
  τ3/τ2	
  to	
  
separate	
  top	
  jets	
  from	
  W	
  jets	
  
–  Require	
  τ3/τ2	
  	
  <	
  0.55	
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B-­‐tagging	
  subjets	
  
•  One	
  of	
  the	
  subjets	
  within	
  the	
  top	
  jet	
  should	
  be	
  a	
  b-­‐jet	
  
•  Allow	
  for	
  any	
  of	
  the	
  three	
  subjets	
  to	
  be	
  b-­‐tagged	
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Addibonal	
  selecbon	
  
•  QCD	
  reduced	
  axer	
  top	
  tagging	
  

•  Need	
  to	
  reduce	
  Hbar	
  background	
  
contribubon	
  
–  In	
  W’	
  à	
  tb	
  signal	
  MC,	
  the	
  b	
  

candidate	
  jet	
  is	
  usually	
  a	
  true	
  
b	
  jet	
  

–  In	
  Hbar,	
  the	
  b	
  candidate	
  jet	
  is	
  
commonly	
  a	
  merged	
  top	
  or	
  W	
  
boson	
  jet	
  

–  Require	
  	
  b	
  candidate	
  jet	
  mass	
  
<	
  70	
  GeV	
  

•  Hbar	
  reducbon	
  of	
  ~80%	
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Background	
  esbmabon	
  
•  Extract	
  QCD	
  esbmate	
  from	
  data	
  

(both	
  shape	
  and	
  normalizabon)	
  
–  Measure	
  the	
  average	
  b-­‐
tagging	
  rate	
  for	
  QCD	
  jets	
  in	
  
control	
  region	
  

	
  
–  Apply	
  this	
  average	
  b-­‐tagging	
  
rate	
  to	
  the	
  pre-­‐btagged	
  
sample	
  in	
  the	
  signal	
  region	
  

•  Hbar:	
  extract	
  shape	
  from	
  MC,	
  
normalizabon	
  from	
  data	
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Results	
  

W’:	
  @	
  95%	
  CL	
  
Observed:	
  2.0	
  TeV	
  
Expected:	
  1.95	
  TeV	
  

CMS-­‐PAS-­‐B2G-­‐12-­‐009	
  



Generalized	
  Coupling	
  Limits	
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CMS-­‐PAS-­‐B2G-­‐12-­‐009	
  

CMS	
  Preliminary	
   CMS	
  Preliminary	
  



SUSY	
  Searches	
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Natural	
  SUSY	
  searches	
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•  Many	
  searches	
  designed	
  for	
  signatures	
  
mobvated	
  by	
  a	
  “natural”	
  solubon	
  to	
  the	
  
gauge	
  hierarchy	
  problem.	
  
–  Standard	
  Model	
  fermions	
  get	
  bosonic	
  

partners,	
  bosons	
  get	
  fermionic	
  partners	
  
	
  
	
  
•  The	
  lightest	
  Higgs	
  mass	
  is	
  allowed	
  to	
  

naturally	
  be	
  at	
  the	
  electroweak	
  scale,	
  no	
  
fine	
  tuning	
  required.	
  

1)	
  N.	
  Arkani-­‐Hamed	
  
2)	
  M.	
  Papucci,	
  J.T.	
  Ruderman,	
  and	
  A.	
  
Weiler,	
  hHp://arxiv.org/abs/1110.6926	
  

h h

t

h h

t̃



Bosonic	
  top	
  partners	
  



Producbon	
  and	
  Decay	
  
Producbon:	
  
•  stop	
  and	
  sboHom	
  pair	
  producbon	
  via	
  

gluon	
  gluon	
  fusion	
  and	
  qqbar	
  annhilabon	
  

Decay:	
  
•  R-­‐parity	
  conservabon	
  -­‐	
  the	
  number	
  of	
  SUSY	
  

parbcles	
  must	
  be	
  preserved	
  in	
  the	
  decay	
  
(assumed	
  in	
  this	
  talk)	
  
–  Lightest	
  supersymmetric	
  parbcle	
  (LSP)	
  

cannot	
  decay	
  	
  
•  In	
  this	
  talk,	
  the	
  LSP	
  is	
  ~always	
  the	
  
lightest	
  neutralino	
  

–  Dark	
  maHer	
  candidate!	
  	
  
Will	
  concentrate	
  on	
  direct	
  
producbon	
  of	
  	
  stops	
  



Decay	
  signatures	
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  Many	
  possibilibes!	
  

	
  Δm	
  defines	
  different	
  regions	
  of	
  phase	
  space:	
  
•  Different	
  kinemabcally	
  allowed	
  decays	
  
•  Amount	
  of	
  energy	
  for	
  decay	
  products	
  
	
  



Direct	
  stop	
  searches	
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Stop	
  Searches	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Where	
  we	
  were	
  last	
  year….	
  

mstop	
  <	
  ~700	
  GeV	
  exclusion	
  for	
  light	
  LSP	
  
Note	
  gap	
  in	
  exclusion	
  for	
  Δm	
  =	
  mt	
  (stop	
  “on	
  top”	
  of	
  top)	
  
No	
  exclusion	
  for	
  Δm	
  <	
  mW	
  from	
  non-­‐targeted	
  searches	
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1	
  lepton	
  dedicated	
  search	
  
(SUS-­‐13-­‐011)	
  is	
  complementary	
  to	
  
hadronic	
  (SUS-­‐13-­‐004)	
  search	
  
	
  
Combine	
  the	
  two	
  analyses….	
  



Light	
  Stop	
  Combinabon	
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mstop	
  <	
  ~750	
  GeV	
  exclusion	
  for	
  light	
  LSP	
  

New	
  Combined	
  Result	
  

CMS-­‐PAS-­‐SUS-­‐14-­‐011	
  



0	
  lepton	
  stop	
  search	
  

A	
  targeted	
  search	
  reconstructs	
  both	
  
top	
  quarks,	
  one	
  fully	
  and	
  the	
  other	
  
parbally,	
  and	
  then	
  applies	
  topological	
  
cuts	
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Fully	
  reconstructed	
  3-­‐jet	
  system	
  

Parbally	
  reconstructed	
  “Remnant”	
  

CMS-­‐PAS-­‐SUS-­‐13-­‐015	
  



0	
  lepton	
  stop	
  search	
  

Use	
  pT	
  of	
  3-­‐jet,	
  remnant,	
  and	
  MET	
  
to	
  calculate:	
  
MT2	
  

MT
Rsys	
  

MT
3jet	
  

	
   45	
  

Fully	
  reconstructed	
  3-­‐jet	
  system	
  

Parbally	
  reconstructed	
  “Remnant”	
  

MT2	
  >	
  300	
  GeV	
  



0	
  lepton	
  stop	
  search	
  

Use	
  pT	
  of	
  3-­‐jet,	
  remnant,	
  and	
  MET	
  to	
  
calculate:	
  
MT2	
  

MT
Rsys	
  

MT
3jet	
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Fully	
  reconstructed	
  3-­‐jet	
  system	
  

Parbally	
  reconstructed	
  “Remnant”	
  

MT2	
  >	
  300	
  GeV	
  

0.5	
  MT
3jet	
  +MT

Rsys	
  >=	
  500	
  GeV	
  



0-­‐lepton	
  stop	
  search	
  

CMS-­‐PAS-­‐SUS-­‐13-­‐015	
  

Limits	
  set	
  in	
  (mstop,	
  mLSP)	
  



``Charmed’’	
  search	
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•  For	
  Δm	
  <	
  mW	
  +mb,	
  search	
  for	
  	
  
–  allowed	
  when	
  Δm	
  >	
  mc	
  

•  Target	
  compressed	
  spectra	
  where	
  
decay	
  products	
  are	
  ~	
  	
  all	
  invisible	
  

•  Signature:	
  charm	
  jets	
  very	
  sox	
  and	
  LSPs	
  
are	
  ~back-­‐to-­‐back,	
  so	
  require	
  hard	
  ISR	
  
jet	
  recoiling	
  against	
  MET	
  from	
  the	
  LSPs	
  

CMS-­‐PAS-­‐SUS-­‐13-­‐009	
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``Charmed’’	
  search	
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CMS-­‐PAS-­‐SUS-­‐13-­‐009	
  



Stop	
  results	
  

50	
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stop2	
  searches	
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•  If	
  Δm	
  ~	
  mtop	
  ,	
  	
  	
  	
  	
  	
  signal	
  is	
  very	
  similar	
  to	
  SM	
  
top	
  pair	
  producbon	
  and	
  there	
  is	
  liHle	
  
sensibvity	
  with	
  the	
  exisbng	
  searches.	
  

•  Look	
  for	
  relabvely	
  light	
  	
  	
  	
  	
  	
  that	
  decays	
  to	
  	
  
•  Signature:	
  same	
  final	
  state	
  as	
  	
  	
  	
  	
  	
  →	
  t	
  LSP,	
  but	
  

with	
  mulbple	
  addibonal	
  leptons	
  (from	
  Z)	
  and/
or	
  b	
  (from	
  H)	
  

Z	
  à	
  dilepton	
  signature	
  

H	
  à	
  bbbar	
  signature	
  

Use	
  Higgs	
  to	
  
tag	
  SUSY	
  
signatures!	
  

%t1

%t1%t2
%t1



stop2	
  searches	
  CMS:	
  arXiv:1405.3886	
  	
  	
  

Combine	
  the	
  results	
  of	
  all	
  three	
  lepton	
  analyses	
  
	
  Exclusivity	
  through	
  lepton	
  counbng	
  

Decay	
  with	
  H	
   Mixed	
  branching	
  rabo	
  	
  scenario	
  	
  



Fermionic	
  top	
  partners	
  
•  Fourth	
  generabon	
  models	
  

–  Heavy	
  neutrinoà	
  dark	
  maHer	
  
candidate	
  

–  Large	
  CP	
  violabon	
  	
  

•  Vector-­‐like	
  quarks	
  (VLQs)	
  [non-­‐chiral	
  
fermions]	
  
–  Predicted	
  by	
  a	
  large	
  variety	
  of	
  

models	
  
•  LiHle	
  Higgs	
  models	
  
•  Warped	
  extra	
  dimensions	
  
•  Composite	
  Higgs	
  model	
  

–  Not	
  excluded	
  by	
  Higgs	
  cross	
  
secbons	
  



Summary	
  &	
  Conclusions	
  
	
  
•  Wide	
  range	
  of	
  measurements	
  and	
  searches	
  being	
  performed	
  by	
  CMS	
  

•  Precision	
  measurements,	
  studies	
  of	
  the	
  Higgs	
  boson	
  
•  Searches	
  for	
  new	
  physics	
  beyond	
  the	
  Standard	
  Model	
  

•  Searches	
  cover	
  comprehensive	
  spectrum	
  of	
  final	
  states	
  
–  Exclude	
  large	
  regions	
  of	
  parameter	
  space	
  
–  	
  Lots	
  of	
  progress	
  in	
  exploring	
  difficult	
  regions	
  of	
  parameter	
  space/

complicated/boosted	
  final	
  states	
  
•  The	
  Run	
  II	
  LHC	
  dataset	
  will	
  provide	
  even	
  greater	
  sensibvity	
  to	
  new	
  physics	
  

discoveries	
  	
  
–  Explore	
  new	
  mass	
  scales	
  and	
  rare	
  and	
  unusual	
  processes	
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2008:	
  
Only	
  Higgs	
  seen	
  at	
  LHC	
  so	
  far!	
  



Summary	
  &	
  Conclusions	
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2008:	
  
Only	
  Higgs	
  seen	
  at	
  LHC	
  so	
  far!	
  



Summary	
  &	
  Conclusions	
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hHp://cp3-­‐origins.dk/a/4276	
  



News	
  Flash	
  2016	
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     all the news that is yet to print 

 

 

 

Exotic Top Partner Discovered 
By THE FREE ASSOSIATION PRESS** 

The scientific community was rocked 
yesterday when the CMS collaboration 
announced the discovery of a strange new 
heavy particle in a press conference at 
CERN. “This is an historic occasion.”, said 
the CERN director, congratulating the team 
that led the effort… 

 

**	
  Credit:	
  Hal	
  Evans	
  


